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Abstract 
The main objective of this work was to establish the kinetics of spoilage of nutritional and organoleptic criteria of 
frozen courgette when using microwave and stir-frying cooking but also to evaluate the effect of these cooking 
methods on these criteria. An optimization of the microwave parameters was also achieved to get the best quality of 
the courgette after cooking with the lowest energy consumption. The raw and cooked courgettes were analyzed for 
the total phenols and vitamin C contents, texture, dry matter content and final surface temperature. A remarkable 
decrease in vitamin C and phenols contents from the first minutes of cooking was noticed for both cooking methods 
applied. Moreover, these micronutrients seemed to be better preserved at higher power levels with microwave 
cooking. In addition, a same texture was reached in microwave cooking in a shorter time compared to the 
conventional process. A two factors Doehlert design was used to find the optimal settings which ensured a cooked 
product with good nutritional values and energy saving. Adequate levels for the two factors (microwave power and 
cooking time), were found thanks to the previously established kinetics. The calculated responses given by the 
quadratic models are quite close to the experimental values. This study will be used in the future for the optimisation 
of microwave cooking of a mixture of vegetables.
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1. Introduction 
Cooking is a heat treatment whose purpose is to transform a food product in an appetizing and 
nutritious food but also free of pathogens. Nowadays, there is an increasing consumer demand for 
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processes that offer greater convenience and time saving to prepare a safe product of high nutritional 
value and organoleptic quality. Currently in food industry, microwave technologies are used for different 
food processes such as drying, blanching, pasteurization or cooking. In contrast, at the catering level, the 
microwave ovens are used almost exclusively for reheating already cooked dishes. There is, to our 
knowledge, no systematic study whose aim is to adapt various types of traditional recipes to microwave 
for catering with a view to preserving the nutritional quality. The frozen courgette is usually used as an 
ingredient in catering for several meals and mixture of vegetables. In this research, undertaken in the 
framework of a European Interreg project on use of microwave cooking for catering, the courgette was the 
first vegetable to be studied. 
 
Nomenclature 
 
ai Coefficients of quadratic model 
DM Dry matter 
E power consumption (kWh) 
Fm Maximum puncture force (N) 
P Microwave power level (W) 
SD Standard deviation of surface temperature (°C) 
t time (min) 
Tm Average of surface temperature (°C) 
TP Total polyphenol content (mg/100g DM) 
Vit C Vitamin C content (mg/100g DM) 
X1 First factor of the design  
X2 Second factor of the design 
y model response 
2. Materials & Methods 
2.1. Plant materials 
Frozen courgette were purchased as one batch from a foodservice supplier (Brake, France) in order to 
reduce raw material variations and then used as research material. 
2.2. Cooking methods 
Two cooking methods were used:  
x Conventional cooking: it consists on boiling 700 g of courgette in 700 mL of boiled water for 10 
min. After draining, they were cooked in a non-stick frying pan on an induction plate at medium power 
(4) for 15min. Cooking courgette with this conventional method took 30 min considering 5 min to boil 
the water. 
x        Microwave cooking: vegetable (600 g) was placed in a glass dish without adding water. The 
plate was covered with a plastic film to prevent water loss and put in a domestic microwave oven. Five 
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power levels were fixed (350 - 500 - 650 - 750- 1000 W). Corresponding cooking time were obtained 
when reaching an equivalent texture value (the same maximum puncture force) as the conventional 
cooked courgette respectively equal to: 35, 28, 23, 20 and 16 min. 
2.3. Kinetics 
All cooking procedures were repeated three times. Cooking conditions were determined with 
preliminary experiment. Each cooking time was divided into 5 regular intervals to monitor the kinetics of 
the different criteria listed below. After cooking the vegetables were cooled on an ice bed for 10 min. 
2.4. Maximum puncture force  
The puncture force was evaluated by using a Texture Analyser (Stable Micro Systems, TA-XT plus, 
UK). The puncture diameter was 4mm, with a crosshead speed of 1mm.sec-1 and a strain of 40%. The 
maximum force was measured using at least 8 pieces of courgettes. The mean value for each treatment 
was then calculated. 
2.5. Surface Temperature and Energy consumption 
The surface temperature was measured with an infrared camera (FLIR, i60, Se). After treating photos, 
an average temperature and a standard deviation were calculated. 
An electric sensor (Auchan, FHT-9999, Fr) was used to measure the energy consumption during 
cooking. 
These two parameters were used in the experimental design. 
2.6. Dry matter 
Ten grams of raw or cooked homogenised sample (in triplicate) was dried in a convection oven at 
105°C until reaching constant weight. 
2.7. Vitamin C  
Vitamin C content was determined by the method of Tessier et al. (1996) [1] with slight modifications 
to adapt it to our material. A sample (300 g) was homogenised in 5% metaphosphoric acid. The 
homogenate was then centrifuged at 8000 rpm for 10 min at 4°C. Two millilitres of the supernatant was 
filtered through a 0.45 μm filter. Then, 500ȝl of sample is mixed successively with 100 ȝl of iodine (10 
mM), 200 ȝl of sodium thiosulfate (10 mM), 500 ȝl of NaH2PO4 buffer (24.5 g/100 ml) and 200 ȝl of 
dimethyl-phenylene-diamine (1 g /l). After 10 min in the dark, the mixture was analyzed by HPLC -
(Thermo Scientific). The mobile phase was a mixture of 50% methanol-50% ammonium acetate (0.1M; 
pH 7.4). The stationary phase was a C18 reverse-phase column ALLTIMA (250 x 4.6 mm x 5μm). The 
compound of interest was detected by fluorescence using excitation at 360 nm and emission at 440 nm. 
Results were expressed as peak areas. 
A standard curve of ascorbic acid was conducted at the beginning of each day’s assay .Thus we could 
deduce the concentration of vitamin C samples. The results were expressed according to dry matter basis 
(DM): mg.100 g-1 DM-1. 
2.8. Total polyphénol  
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Total polyphenol content was determined by the Folin-Ciocalteu method with slight modifications to 
adapt it to our material [2]. A sample of raw or cooked courgette was homogenized in 70% methanol (1:4, 
w/v) then centrifuged at 10000 rpm for 25 min at 4°C. Five hundred microlitres of the supernatant was 
mixed successively with 500 μl of Folin-Ciacalteu’s reagent, 2.5 ml of 20% sodium carbonate solution. 
Then 1 mL of this latter was added before centrifuge the mixture at 8000 rpm for 3 min at 4°C. The 
absorbance was measured at 750 nm using a spectrophotometer (Thermo electron Corporation Nicolet, 
Evolution 100). The soluble and hydrolysable polyphenol contents were calculated using a standard curve 
of gallic acid. The results were expressed as mg.100 g-1 DM-1. 
2.9. Experimental design 
A two factor (Time, Power level) Doehlert design was used to find the optimal settings ensuring a 
cooked product with good nutritional values while allowing energy saving. The main characteristic of this 
type of design is to have a uniform distribution of the experimental points in the experimental space 
(Goupy J., 1997) [3]. The experimental domain was drawn from the different kinetics performed Table 1, 
shows the levels of the two factors (microwave power and cooking time) of the experimental design. The 
design is composed of 10 uniformly distributed points in the experimental domain with 4 replicates of the 
central point.  
Table 1. Process (independent) variables (Xi) with their levels for Doehlert design 
 
 
 
 
 
 
 
 
A quadratic model was constructed to predict the measured responses as functions of the process 
variables (Eq. 1). 
 
                                           (1) 
3. Results & Discussion 
3.1. Texture
Maximum puncture force was equal to 37.22±4.75 N for the raw courgette and significantly decreased 
during cooking to reach more or less the same value for all cooking procedures (microwave and 
conventional cooking) (Table 2).  
Table 2. Maximum puncture force of courgette (Fmax) for different cooking procedures (  ± SD) 
Microwave 
Cooking method Stir frying-30min 
350W-35min 500W-28min 650W-23min 750W-20min 1000W-16min 
Fmax (10-2 N) 20.0±0.4 22.4±1.4 21.8±0.6 21.4±0.8 20.8±0.2 20.3±0.5 
 
Independent variables Normalised level Experimental value 
1 16 min 
0 20 min X1      Time (min) 
-1 24 min 
1 500 W 
0 750 W X2      Power level (W) 
-1 1000 W 
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The figure 1 shows the evolution of the maximum puncture force during cooking for different 
microwave power levels. All curves had a rapid decreasing period followed by a slower one. As expected, 
the loss of firmness linked to the degree of cooking was faster for the highest microwave power levels. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Maximum puncture force (Fmax) of courgette for microwave cooking for different power level 
3.2. Vitamin C 
The vitamin C content of frozen courgette (5.0±0.1 mg/100g FM) was three times lower than the fresh 
values (15 mg/100gFM) cited in the Ciqual Table [4] (FM refers to fresh matter). This could be explained 
by the blanching operation done before freezing vegetables leading to high losses of vitamin C by 
leaching [5]. 
The Figure 2 shows the variation of vitamin C content of courgette while cooking by different 
methods. It was noticed that for conventional cooking, the main loss of vitamin C occurred essentially 
during the first phase when vegetables were heated in boiling water whereas in the second period that is, 
on hot plate, the vitamin C content remained fairly constant. 
For microwave cooking, the loss of vitamin C was very important in the first period where the rate of 
loss was higher with high power level: 3.3.10-2 mg/100g.DM.s for 300 W compared to 11.4.10-2 
mg/100g.DM.s for 1000 W. Nevertheless, the high standard deviation observed on some points during 
this period for the two highest power levels could be explained by the emphasis of the microwave field 
heterogeneity leading to uneven cooking levels. However, this heterogeneity decreases at the end of 
cooking process. 
Table 3 shows that microwave cooking at high levels leads to a better amount of vitamin C in the 
cooked courgette. 
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Fig. 2. Variation of vitamin C content during cooking of courgette by conventional or microwave cooking procedures (n=3) a: stir-
frying; b: 350 W -35 min; c: 750 W-20 min; d: 1000 W:16 min 
Table 3. Loss of vitamin C and total polyphenol of frozen courgette after different cooking methods (losses are calculated from 
averages of initial and final content of vitamin C)  
 Microwave 
 350W-35min 500W-28min 650W-23min 750W-20min 1000W-16min 
Stir Frying-30min 
%Vitamin C 78.2 75.9 62.7 69.0 52.5 64.8 
%Total Polyphenol 37.2 22.6 23.1 23.7 26.4 39.9 
3.3. Total polyphenol  
The total polyphenol content of frozen courgette found in this study was equal to 280.6±18.6 mg.100 
g-1 DM-1, which was very low compared to the fresh courgette (833.0±37.8 mg.100g-1DM-1) cited by 
Turkmen and al. (2005) [6]. The difference could be due to the blanching process before freezing. 
The total polyphenol content loss after cooking by different methods is shown in Table 3. Results 
show that total polyphenol content reduction is more important with conventional cooking compared to 
microwave one. Nevertheless, in this study it was found that courgette cooked by microwaves, retained at 
least 73.6% of total polyphenol which is consistent with the study carried out by Turkmen et al. (2005) 
[6]. 
3.4. Experimental design  
The kinetics found earlier were used to fix the levels of the two factors (microwave power (P (W)) and 
cooking time (t (min)) of the experimental design. Moreover, the following responses were measured: 
Maximum puncture force: Fm (N), the power consumption E (kWh), Vitamin C content: VitC (mg.100 g-
1 DM-1), Total polyphenol content: TP (mg.100 g-1 DM-1), average of surface temperature: Tm (°C), the 
811Imen Douiri-Bedoui et al. / Procedia Food Science 1 (2011) 805 – 813
standard deviation of surface temperature: SD (°C), and the dry matter: DM. The table 4 below shows the 
experimental results corresponding to each response.  
Table 4. Experimental results of the design points 
X1 (t) X2 (P) t (min) P (W) Fm  E  VitC TP Tm SD MS 
-0.5 -1 18 500 0.23 0.3 33.0 209.8 62.53 6.81 5.98 
0.5 1 22 1000 0.16 0.6 36.1 173.4 73.22 5.18 8.65 
0 0 20 750 0.21 0.4 28.8 184.5 72.15 5.06 7.19 
-0.5 1 18 1000 0.17 0.5 47.9 198.9 67.91 5.13 7.36 
1 0 24 750 0.17 0.6 23.6 226.6 69.53 4.72 8.12 
0 0 20 750 0.21 0.4 22.2 247.8 72.73 5.28 8.19 
-1 0 16 750 0.23 0.3 12.7 158.3 69.57 5.05 6.77 
0 0 20 750 0.21 0.4 26.4 208.2 72.51 4.44 8.40 
0 0 20 750 0.22 0.4 28.4 198.8 70.49 5.27 8.06 
0.5 -1 22 500 0.21 0.4 20.6 231.7 71.79 4.74 7.06 
 
The linear regression module of Excel® software was used to determine the model coefficients of each 
response. Table 3 gives the value of these coefficients. 
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Fig. 3. Calculated values and experimental ones for surface temperature (a) and standard deviation (b) of courgette 
Table 5. Coefficient of quadratic models for the different response studied 
Coefficients Fm E VitC TP Tm SD DM 
a0 0.202 0.400 28.552 205.152 71.970 5.012 7.592 
a1 -0.024 0.133 -10.293 -2.477 2.416 -0.445 0.640 
a2 -0.026 0.100 3.111 -28.395 1.703 -0.311 0.651 
a12 0.006 0.000 0.513 -23.188 -1.983 1.064 0.115 
a11 0.000 0.050 0.007 0.366 -2.420 -0.127 -0.004 
a22 0.000 0.038 -0.025 0.034 -2.503 0.485 0.002 
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The models found above were used to calculate the points of the experimental design to view whether 
they were able to adequately represent the experimental points. An example is given in Figure 3 for the 
mean surface temperature of courgette and the standard deviation. It can be seen that the calculated values 
are very close to experimental ones. Similar results were found for the other responses. 
3.5. Optimisation 
The Solver module of Excel® was used to find the optimum from the different models found. The 
optimal point corresponds for the couple: (X1, X2) = (20min,750W) with a total standard deviation error 
equal to 5.65%. 
This point was validated by carrying out further tests with these experimental conditions. The mean 
values of the responses (MVR) obtained were compared to the optimal ones as shown on the Table 6. 
Except the high deviation between calculated and experimental values for Vitamin C which could be 
explained by the high SD encountered after the analytical measurement, the models obtained were 
convenient. The energy consumption measured for this optimal condition was lower than conventional 
one (0.459kWh). 
Table 6. Comparison of calculated values with mean value of validated response (MVR)  
Response Calculated response MVR % (Calculated-validation) 
Fm (N) 0.202 0.22±0.01 8.3 
E (kWh) 0.400 0.42±0.02 3.9 
Vit C(mg/100gDM) 28.5 32.07±6.0 12.3 
TP (mg/100gDM) 205.1 204.16±6.8 0.5 
Tm(°C) 71.97 70.81±1.2 1.6 
SD (°C) 5.01 4.99±0.4 0.4 
DM (%) 7.59 7.53±0.8 0.8 
 
 
4. Conclusions 
The optimal microwave cooking condition found ensures a better nutrient preservation of courgette but 
also allows lower energy consumption than conventional cooking. Indeed, it was noticed a 60 percent loss 
of vitamin C and a 27 percent loss of total polyphenol during the optimized microwave process whereas 
65 and 40 percent losses were observed in conventional cooking, respectively. Moreover, the same 
texture was reached 10 min earlier.  
The results of this study will be used in the future for the optimisation of microwave cooking of a 
mixture of vegetables. 
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